SUMMARY Simultaneous echocardiograms and phonocardiograms were recorded and digitised in 29 normal control subjects and 88 unselected hypertensive patients. Left ventricular wall thickness and isovolumic relaxation time were measured. The time relations between valvular events and endocardial movement were examined. Dimension change during the period of isovolumic relaxation was measured.
Prolonged systemic arterial hypertension may result in left ventricular hypertrophy which can be identified by echocardiography before any abnormality is see on the electrocardiogram.' The effect of hypertrophy secondary to systemic hypertension on left ventricular performance. is not clearly established. Animal experiments suggest that in the absence of failure the performance of the pressure-loaded ventricle is unimpaired. [2] [3] [4] Information on left ventricular performance in hypertensive human subjects is sparse; it is mostly derived from echocardiographic studies and confined to an assessment of systolic function. The findings Received for publication 2 M-mode echocardiography is an ideal non-invasive method for investigating cardiac structure, but is less applicable in the study of cardiac function when segmental abnormalities of wall motion occur, as in patients with coronary heart disease.8 If M-mode echocardiography is combined with phonocardiography, however, and the results processed using a simple digitising technique, it is possible to identify changes both in the timing of events Left ventricular posterior wall minimum thickness was increased (1E1±0 2 cm, p<0-001) and unimodally distributed in the hypertensive population (Fig. 4) . Isovolumic relaxation time was prolonged (85 ±25 ms, p<0001) and also unimodally distributed (Fig. 4) . Isovolumic relaxation time was correlated with left ventricular posterior wall thickness (Fig. 5, r=0- By comparison with normal subjects, maximum septal and posterior wall thicknesses in these patients were increased (1-7±0-3 cm and 1-9±0-3 cm, respectively), as were minimum thickness of septum *,
(1-2±0-2 cm) and posterior wall (1-0±0-2 cm). Isovolumic relaxation time was prolonged (80±20 ims). The time relations between A2, minimum cavity dimension, and mitral valve opening were preserved (Fig. 3) . Aortic valve closure preceded minimum cavity dimension by 60±15 ms and mitral valve opening followed minimum cavity dimension by 20±15 ms, neither value being significantly different from normal. Dimension change during isovolumic relaxation period also remained within the normal 8 range (0±7%). Maximum septal and posterior wall thicknesses were increased, being 2-0±0-3 cm and 2-1±0-3 cm, respectively. Minimum septal and posterior wall tion (the thicknesses were increased being 1-5±0-4 cm and Limension 1 2±0-2 cm, respectively. Isovolumic relaxation time -laxation) was lengthened (100±30 ms). In contrast to group 1 iling two the normal time relations between A2, minimum d.
cavity dimension, and mitral valve opening were (Fig. 3) . Aortic valve closure preceded minimum cavity dimension by only 15±30 ms while mitral valve opening followed it by 85±30 ms. Associated with these changes was an abnormally increased dimension change during the isovolumic relaxation period (28±18%) (Fig. 7) .
EFFECTS OF BETA-BLOCKING DRUGS
Of the 88 hypertensive patients studied, 37 were being treated with a beta-adrenergic blocking drug at the time of study (19 in group 1, 18 in group 2). No differences were observed within the groups in the measured variables between those patients taking beta-blockers and those who were not.
CLINICAL ANALYSIS Group I Of the 60 patients in this group, 58 were asymptomatic with normal electrocardiograms. The remaining two patients had normal electrocardiograms, but had atypical chest pain. Both these patients were shown to have normal left ventricular function in the presence of minor coronary artery disease (less than 50% narrowing) by cardiac catheterisation.
Group 2
At the time of study, 10 had documented significant coronary artery disease, five by cardiac catheterisation (greater than 50% coronary artery narrowing and segmental abnormalities of wall motion) and five by previous myocardial infarction as shown by a typical history and associated electrocardiographic and enzyme changes. The remaining 18 patients all had 4 5 LV Dimension abnormal electrocardiograms with T wave inversion in the left ventricular leads suggesting either left ventricular hypertrophy or myocardial ischaemia. Seven of these 18 had a typical history of angina pectoris while 11 were asymptomatic. In a mean follow-up period of 14 months (range nine to 18 months) seven of these 18 patients (three with angina, four who were asymptomatic) had a major cardiac event (five developed myocardial infarction while two died suddenly). In group 1, no cardiac events occurred during this follow-up period (p<0l001, Fisher's exact probability test).
Discussion
The analysis of echocardiograms and phonocardiograms using the technique of digitisation allows the time relations between valvular events and endocardial motion to be clarified, and dimension change during the period of isovolumic relaxation to be identified. Our (Fig. 8) .
In group 1 all the patients had normal electrocardiograms and 58 were asymptomatic. By contrast, all but three of the patients in group 2 had abnormal electrocardiograms. Ten had been shown to have important coronary artery disease at the time of study, while of the remaining 18, seven had angina and 11 were asymptomatic. In a mean follow-up period of 14 months, seven patients from this group of 18 (three with angina, four who were asymptomatic) had a major cardiac event (five myocardial infarctions, two sudden deaths) whereas no cardiac events occurred in the patients in group 1. These clinical correlates strongly suggest that in hypertensive patients the echocardiographic recognition of incoordinate wall motion distinguishes those patients with a high incidence of clinically significant coronary artery disease.
.I L.UL In those patients with electrocardiographic abnormalities echocardiographic features of incoordinate wall motion were universally present. This suggests that the electrocardiographic changes in hypertensive heart disease are not simply the result of hypertrophy (a number of patients in group 1 had massive hypertrophy without electrocardiographic changes), but reflect incoordinate wall motion during relaxation most probably the result of significant coronary artery disease.
This study shows that in a hypertensive population echocardiography can identify prospectively a group of patients with a high incidence of important coronary artery disease. We suggest that this group deserves further study to determine if any intervention could alter prognosis.
